This study aimed to analyze the epidemiological characteristics of hand, foot and mouth disease (HFMD) during 2008-14 in Wenzhou, China. The epidemiological data of HFMD retrieved from the Wenzhou Center for Disease Control and Prevention were retrospectively analyzed. HFMD infections with enterovirus 71 (EV71), Cox A16 or other pathogens were further verified by polymerase chain reaction (PCR) and real-time PCR. A total of 213 617 cases of HFMD were reported between 2008 and 2014 in Wenzhou. The average incidence was 384.31 of 100 000, and the fatality rate was 0.14&. The incidence of HFMD peaked between April and July, and it occurred more frequently in males than in females. Approximately 92.68% of the HFMD patients were children aged <5 years. Nearly 80% of the cases were diagnosed within 2 days after onset. The major HFMD pathogen was EV71. This study suggested that appropriate comprehensive prevention and control measures should be taken to avoid the spread of HFMD.
I N T R O D U C T I O N
Hand, foot and mouth disease (HFMD) is a common infectious disease caused by a number of enteroviruses (EVs) [1] . The estimated total incidence of HFMD is approximately 500 000-1 000 000 cases per year [2] , and it was first listed as a notifiable disease in China on 2 May 2008 [3] . HFMD represents a severe burden on public health [4, 5] . Many outbreaks or epidemics of HFMD have been reported in China [6] [7] [8] [9] [10] [11] as well other countries of the AsiaPacific region [12] and Southeast Asia [13, 14] . In 2012, a large outbreak of HFMD was spread widely over China, causing >2 million cases and 567 deaths [15] . In China, 10 714 237 cases and 3046 deaths (0.03%) were reported between 2008 and 2014; moreover, the morbidity because of HFMD increased from 37.6 of 100 000 in 2008 to 139.6 of 100 000 in 2013, peaking at 166.8 of 100 000 in 2012 [16] . Facing such a challenge, regular and close monitoring of HFMD is urgently needed. In this study, we analyzed the epidemiological patterns and clinical manifestations of HFMD during the period V C The Author [2016] . Published by Oxford University Press. All rights reserved. For Permissions, please email: journals.permissions@oup.com of 2008-14 in Wenzhou, China, to provide the necessary data to establish effective prevention and control measures against HFMD.
M E T H O D S
Data sources Wenzhou is a prefectural-level city in southeastern Zhejiang province in China. The 2010 China National Census registered 9.1 million residents in the Wenzhou area [17] . In this study, epidemiological, clinical and laboratory data from HFMD patients were collected by the Center for Disease Control and Prevention in 11 counties or districts of Wenzhou from 2 May 2008 to 31 December 2014. All personal information (names and detailed address) was excluded from the collected data. This investigation was approved by the ethics committee of the Wenzhou Center for Disease Control and Prevention. Variables collected in this study included age, gender, occupation, dates and time of HFMD onset, diagnosis, pathogen identification, disease severity and date and time of death. Additionally, the residential area and population distributions of all 11 counties or districts were obtained from the Statistics Bureau of Wenzhou to calculate the density of the population (number of residents per km 2 ). Eleven counties or districts were involved in this study.
Patient specimens were placed in sterile virus transport medium for polymerase chain reaction (PCR)-based detection. Viral RNA was extracted with commercially available kits. The RNA sample from each specimen was used to detect panenteroviruses with specific primers and probes. The etiology was categorized as EV negative, EV71 positive, Cox A16 positive or positive for another EV without further identification.
Case definition A probable HFMD case was defined as a patient who showed a papular or vesicular rash on the hand, foot, mouth or buttocks, with or without a fever. A confirmed case was defined as a probable case with molecular evidence of EV infection, including EV71, Cox A16 or non-EV71 and non-Cox A16, detected by reverse transcription PCR, real-time PCR or virus isolation. HFMD cases, regardless of whether they were probable or confirmed, were clinically classified as severe if they had any neurological complications (such as aseptic meningitis, encephalitis, encephalomyelitis, acute flaccid paralysis or autonomic nervous system disorder) or cardiopulmonary complications (such as pulmonary edema, pulmonary hemorrhage or cardiorespiratory failure), or both. The remaining patients were considered mild.
Statistical analysis
The annual incidence rates were calculated by dividing the total number of cases by the total number of the population at the end of each year. The v 2 test was used to compare the differences in enumeration data of multiple groups. The Cochran-Armitage trend test was used to correlate the population density with the incidence rate. A value of a ¼ 0.05 was recognized as significant. The SPSS 20.0 and SAS 9.3 software packages were used in this study.
R E S U L T S
Incidence rates A total of 213 617 HFMD cases during the period of 2008-14 were identified in Wenzhou. Of all the cases, 982 were severe and 29 were fatal. The average annual incidence rate was 384.31 of 100 000. The incidence rate was the lowest in 2008 (121.21 of 100 000) and the highest in 2014 (650.91 of 100 000). The fatality rate of HFMD was 0.01%. Severe cases accounted for 0.46%. The CochranArmitage trend test showed that the incidence rates of HFMD have been on the rise since 2008 (Z ¼ 159.96, p < 0.001). The numbers of cases, severe cases and fatal cases, as well as the rates of incidence and death and the severe case ratio are shown in Table 1 .
Geographic distribution
Among 213 617 HFMD cases, 31 were excluded from this study because they did not report the patients' county of residence. A total of 40 752 (19.08%) cases were from Ruian county, while 1695 cases (0.79%) were from Dongtou county ( Table 2 ). The highest HFMD incidence rate was in Ouhai county (781.61 of 100 000), and the lowest HFMD incidence rate was in Taishun county (107.16 of 100 000; Table 2 ). The geographic distribution of the mean annual HFMD incidence rates is presented in Fig. 1 .
Correlation of population density with incidence rate As the population density did not show a pattern of normal distribution, the correlation of the incidence rate to the population density was analyzed by Spearman's rank method. The results showed that the relative coefficient of the Spearman's test was high (r s ¼ 0.85 p < 0.01), implying that the HFMD incidence rate was positively related to the population density.
Monthly distribution of cases
The monthly incidence of HFMD cases during the period of 2008-14 highlighted a seasonal trend (Fig.  2) . A total of 55.20% (36 755) of the cases appeared between April and July. The lowest number of cases was seen in February (3173 cases), while the number of cases between January and March was also low. The number of cases decreased gradually after July, remaining at a low level. However, there was a second peak between September and October in 2009 and 2014.
Population distribution
Among 213 617 HFMD cases, 132 549 (62.05%) were males and 81 068 (37.95%) were females. The incidence rate in males was significantly (v 2 ¼ 8704.88, p < 0.001) higher (459.05 of 100 000) than that in females (303.96 of 100 000); the ratio of males to females was 1.64:1 (132 549:81 068).
The age distribution of the patients at diagnosis is shown in Table 2 . HFMD cases occurred mainly in children aged 0-5 years (197 977; 92.68% of the total cases).
Average time for a diagnosis after disease onset Among 213 100 HFMD cases with complete data, the average time to make a diagnosis after disease onset was 1.26 days (the infectious-quarantinedrecovered time ranged from <1 to 7 days). Of note, 169 432 patients (79.5%) received a diagnosis of HFMD in <1 day, and 205 542 patients (96.45%) were diagnosed within 3 days.
Pathogen detection
A total of 3443 cases (1.61%) were confirmed by laboratory tests. Among them, 2170 (63.03%) cases were infected by EV71, 399 (11.59%) by Cox A16 and 874 (25.38%) by non-EV71 and non-Cox A16 EVs.
During the study period, 982 cases were graded as severe, including 368 (37.47%) clinically diagnosed cases and 614 (62.53%) laboratory-confirmed cases. Among the latter, 519 cases were infected by EV71, 19 cases were infected by Cox A16 and 76 cases were infected by non-EV71 and non-Cox A16 EVs. There were 29 deaths reported during the study period, including 3 clinically diagnosed cases and 26 laboratory-confirmed cases. Among these 26 cases, 24 were infected by EV71 and 2 were infected by non-EV71 and non-Cox A16 EVs. The frequency of In this study, 213 617 HFMD cases were identified during the period of 2008-14. Our study showed that the incidence of HFMD in Wenzhou has been constantly on the rise. Our study found that the incidence rate of HFMD correlated with the population density. The HFMD cases from 2008 to 2014 in Wenzhou were mainly concentrated in the most populated counties, while the incidence rates were lower in the remote areas (Taishun and Wencheng) and on the island (Dongtou), where the population density is relatively sparse. This finding shows that a highly dense population is a risk factor for the spread of HFMD. Thus, the areas housing a dense population should be monitored closely for HFMD.
HFMD cases occurred seasonally, for instance, a relatively small number of cases were identified in February, which coincided with the holiday season of kindergartens and nursery schools, reducing the contact opportunities among susceptible children. These results agreed with those of Eames [18] , who suggested the association between holidays and disease epidemics. The HFMD peak occurred between April and July, which was consistent with other studies [19, 12] . To investigate the variability of HFMD incidence in each county of Wenzhou, we previously established a spatial-temporal Auto-Regressive and Moving Average Model (ARMA) model and used a general Bayesian framework for parameter estimation. We showed that the HFMD cases had a positive spatial autocorrelation and that the incidence peak occurred between May and July, which was similar to other studies [6, [20] [21] [22] . The difference in the temporal-spatial incidences might be partially attributed to climate, geography, social factors or other reasons [23] [24] [25] . Because the epidemiological characteristics of HFMD vary with different geographical locations, seasons and other factors, it is critical to take comprehensive measures addressing Table 2 . [ 2, 8, 11, 25, [26] [27] [28] [29] [30] [31] . These meteorological factors in Wenzhou may partially shape the epidemiological characteristics of HFMD [32] [33] [34] [35] . However, although the HFMD peak occurred during April and July, there was a second peak be- health care. We found that 79.51% of the patients were diagnosed in 2 days and 96.45% in 3 days, suggesting a timely diagnosis of HFMD in most cases.
Fatality rate of HFMD varied in 2008-14, from 0.04% in 2013 to 0.37% in 2010, depending on pathogens, natural factors (i.e. atmospheric temperature, humidity, geographic area) and so on. Though the main prevalence strains of HFMD were EV71 in Wenzhou in that period, virulence of this pathogen resulting in HFMD may be slightly distinguishable in different years and still continue to change each year. Additionally, sensitivity of detecting and reporting of death case influenced fatality rate of HFMD.
Although EV71 was the main pathogen for HFMD in the confirmed cases as well as in the severe cases and deaths, none of the deaths was associated with CoxA16, suggesting that EV71 could be more cytopathic than CoxA16. The early identification of the pathogen responsible for HFMD is important for the effective management of this disease.
There are several limitations in this study. First, similar to the research of other infectious diseases, the incidence of HFMD could be underestimated because of missing diagnoses, failure to report cases into the database and asymptomatic infection. Second, there were no data of mixed EV infections, and we were unable to determine all other non-EV71 and non-Cox A16 viruses resulting in HFMD. Third, our study was based on a descriptive analysis of surveillance data, and individuals with asymptomatic infections were not reportable, for example, a complete infection spectrum and the ratio of individuals with unapparent infection to cases with symptoms were not included in this study. 
R E F E R E N C E S

FIG. 4.
The frequency of different EVs detected in the laboratory-confirmed cases of severe HFMD and deaths because of HFMD in Wenzhou, China (2008-14) .
